Introduction
The thyroid gland originates from a median endodermal thickening in the floor of the primordial pharynx at the base of the tongue. This thickening soon becomes a small outpouching that descends into the neck during its maturation. This thyroid primordium is connected to the tongue by the thyroglossal duct a narrow epithelial tube that degenerates and disappears before the definitive development of the thyroid gland. Various thyroid pathologies are known both in thyroid gland and in the ectopic thyroid tissue [1] .
The thyroglossal duct cyst is a cystic expansion occurring due to an abnormality in thyroid development resulting from the defective obliteration of the duct during embryogenesis. A persistent thyroglossal duct is usually a benign condition, but in some cases it may undergo dilatation and be responsible for cyst formation, which clinically presents as a mass arising along the thyroglossal tract [2] . This abnormality occurs in around 7% of the population [3] and it represents the most common congenital anomaly of the neck resulting in more than 75% of median neck swellings in childhood. Between 1.5 and 45% of cases show the presence of ectopic thyroid tissue [2, 4] .
The development of a carcinoma of the thyroglossal duct cysts is rather rare, occurring in approx. 1% of cases. The median age at presentation is 40 years and females are affected more often than men with a 3:2 ratio [5, 6] . The peak incidence is in the third decade for women and sixth decade for men and it presents an overall age and sex distribution similar to that of thyroid carcinoma. Regional lymph node metastases are less common in the thyroglossal duct cyst papillary carcinoma compared to a primary cancer of the thyroid, with an incidence <8% [2] . Furthermore, papillary duct cyst carcinoma rarely presents distant metastases and its prognosis is similar to that of the thyroid papillary carcinoma.
The vast majority of thyroid cancers concern papillary carcinomas (79.9%), followed by much fewer cases of follicular or mixed follicular-papillary (9.5%), squamous cell carcinomas (7.6%), anaplastic carcinomas (0.6%), and Hürthle cell carcinomas (0.6%) [7] . No reports of medullary carcinoma exist to date, probably due to the fact that C cells originate from the last pharyngeal pouch, supporting the theory of the primitive genesis of carcinomas arising in ectopic thyroid tissue rather than from the metastatic diffusion of thyroid carcinoma through the thyroglossal duct [8] . On the other hand, a synchronous papillary carcinoma on the thyroglossal duct cyst and on the thyroid gland can be explained as a multi-focus manifestation of the tumor and not as metastatic foci [9] . An association with primitive thyroid papillary carcinoma is observed in about 25e40% of patients undergoing total thyroidectomy as part of their surgical treatment [6, 9] .
Papillary carcinoma is therefore the most frequent malignancy arising from ectopic thyroid tissue of this remnant; moreover, a tall cell variant is extremely rare and shows a rather poor prognosis. Compared with classical papillary thyroid carcinoma, tall cell variant had a higher rate of extrathyroidal extension (53.6% vs. 30.2%), and a poorer 5-year disease-specific survival (81.9% vs. 97.8%) [10] . Differential diagnosis includes Hürthle cell variant, oncocytic papillary carcinoma and Warthin-like papillary carcinoma [9, 11] .
To date, only one case of tall cell carcinoma arising in a thyroglossal duct cyst has been reported in the medical literature [11] .
Here, we present a remarkable case of tall cell carcinoma arising in a thyroglossal duct cyst associated with a follicular variant of papillary microcarcinoma and a tall cell variant of papillary carcinoma of the thyroid gland.
Presentation of case
A 77-year-old Caucasian woman was admitted to our Department with recent onset (2 months) of a median neck swelling.
She did not have any obstructive symptoms, such as dysphagia, dyspnoea, stridor or dysphonia.
The patient had a history of essential hypertension, dyslipidemia and type 2 diabetes mellitus. She had also been hospitalized in the past for a transient ischemic attack.
Physical examination revealed a voluminous swelling of about 8 cm, extending from the hyoid region to the jugular notch and laterally within the anterior margin of the sternocleidomastoid muscle. The swelling was oval in shape and with a smooth surface; it was mobile, firm and painless (Fig. 1) .
Thyroid functional tests (serum thyroxine, triiodothyronine and thyroid stimulating hormone), calcitonin and thyroid antibodies were within normal limits.
A preoperative ultrasound neck evaluation showed a voluminous anterior midline neck mass of about 7e8 cm with an inhomogeneous echostructure and an isoechoic solid component (largest diameter of about 3e4 cm); high intranodular flow by Doppler analysis was associated with an hypoechoic solid nodule at the level of the thyroid isthmus of the thyroid gland with microcalcifications inside. No regional suspect nodes were identified.
The results of fine needle aspiration cytology suggested possible malignancy. Intralesional thyroglobulin levels were 27.550 ng/ml (normal values: <10 ng/ml).
The patient underwent mass and thyroglossal duct excision and total thyroidectomy. Parathyroid glands and recurrent laryngeal nerves were identified and preserved.
The surgical specimen included a skin lozenge with midline neck mass and the thyroid gland (Fig. 2) .
Microscopic examination revealed the presence of an infiltrative tall cell variant of papillary carcinoma, arising in the thyroglossal duct cyst in conjuction with a follicular variant of papillary microcarcinoma of the left thyroid lobe and a peri-isthmic tall cell variant of papillary carcinoma (Figs. 3e5) . No evidence of cervical lymph node metastases was found.
The patient then underwent radioiodine ablation therapy (106 mCi).
Thyroglobulin level after radioiodine ablative therapy was <0.20 ng/ml (normal values: 0.73e84.00 ng/ml). The surveillance work-up performed during the follow-up included thyroglobulin measurements (thyroglobulin: <0.20 ng/ ml) and neck ultrasounds (negative). No evidence of persistent, recurrent or metastatic disease was found.
The patient continues to be disease free at 43 months postsurgery.
Discussion
Controversies still exist about the pathogenesis, the diagnosis, and the treatment of thyroglossal duct cyst carcinomas. Some authors consider a thyroglossal duct to provide a natural way through which occult tumors can spread and recommend total thyroidectomy with neck dissection, while others consider radical excision as the treatment of choice for thyroglossal duct cyst carcinomas due to its origin [6, 12] . The distinction between a primary carcinoma arising in ectopic thyroid tissue and thyroid neoplasm metastasis is often difficult to establish, yet it is crucial to ascertain for the treatment plan.
Preoperative evaluation of thyroglossal duct cyst includes physical examination, imaging studies, and fine needle aspiration cytology. The clinical presentation of thyroglossal duct cyst carcinomas is similar to that of benign thyroglossal duct cysts in terms of growth, localization, size, and consistency. A rapid increase in size or the presence of a firm palpable mass may be signs of malignancy, although definitive diagnosis is made by pathological analysis of the surgical specimen. The role of fine needle aspiration cytology is not always decisive due to inadequate sampling, thus it may only help diagnosis in some cases. On the other hand, imaging studies (US, CT, NMI) can show the lesion characteristics (cystic, solid, capsulated, vascularized) associated with features of invasion, and thus play a crucial role in the diagnosis and preoperative evaluation of the extent of malignancy, helping in its staging and consequently in the treatment plan [13] .
In this context, the microscopic evaluation of a surgical specimen plays a crucial role in diagnostic process in order to differentiate carcinomas from benign lesions arising in thyroglossal duct [2] .
In addition to diagnostic difficulties, surgical management of the thyroid gland is controversial and the subject of much debate within the international medical community. In the opinion of some authors the Sistrunk procedure would be the treatment of choice for both thyroglossal duct cysts and carcinomas arising in ectopic thyroid tissue without neoplasms in the thyroid gland, followed by strict follow-up consisting essentially in periodic neck ultrasound [3] . Other authors suggest a more aggressive approach associating to Sistrunk procedure a total thyroidectomy followed by radioiodine ablative therapy [3] .
The high incidence of associated thyroid carcinoma requires that total thyroidectomy is evaluated as a necessary part of a treatment plan [14e16] . For this reason, a thorough preoperative evaluation of the thyroid gland is crucial, including clinical examination, laboratory tests, ultrasonography and fine needle aspiration cytology.
Although cyst removal by Sistrunk procedure remains the treatment of choice for thyroglossal duct cyst carcinomas, the extent of surgical treatment depends on the degree of tumor involvement as detected during the preoperative evaluation and on the operating table [6] .
In the present case, considering the extent of the swelling, the outcome of preoperative ultrasound and the intraoperative appearance of the thyroid, total thyroidectomy was deemed to be the best treatment strategy.
The postoperative treatment plan for the patient required radioiodine ablative therapy as it is taken up by thyroglossal duct remnant tissue and recommended to all patients with thyroglossal duct cyst carcinoma without thyroid gland.
Conclusion
This paper reports a rare case of an uncommon variant of papillary carcinoma with a poor prognosis, together with the coexistence of a follicular variant of papillary microcarcinoma and a tall cell variant of papillary carcinoma of the thyroid gland.
For the optimal management of this rare pathological condition, a comprehensive preoperative evaluation and meticulous intraoperative appraisal are fundamental.
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